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NE34 DATA ON SOLAR A C T N I T P  AND ITS 

INFLUENCE ON TEE EARTH 

S U M M A R Y  

by BI. N, Gnyshev 

T h i s  paper reviews t h e  new s o l a r  data provided by the Kislovodsk 

Astronomical s t a t i o n  of t h e  Kain i istrononical Observatory of the USSR 
Academy of Sciences. The author asserts tha t  measurements of the outer  
l a y e r s  of t he  solar atmosphere w e r e  more precise  at tha t  s t a t i o n  than 
a t  any other  of the eight world s t a t ions .  Several  aspects  of solar-ter-  

restrial re la t ionships  a re  discussed, including the biophysical effects 
09 human beings. 

* +  

Intense fluxes of u l t r av io l e t ,  X-ray, radio and charged p a r t i c l e  
emissions emerge from the act ive regions of s o l a r  atmosphere, Reaching the  

Earth's atmosphere, these emissions induce var ia t ions  i n  the ionosphere, 

leading t o  disrupt ion of radiocomunications,  occurrence of magnetic 

storms, aurorae, induced currents  i n t e d e r i n g  with t h e  operation of t he  
var ious m e a n s  of comunication and s ignal izat ion.  The recentiy c o n h c t e d  

inves t iga t ions  leave no doubt about t he  s i g n i f i c a n t  r o l e  of t h e  ind ica ted  
r ad ia t ions  i n  climatic and weather processes. More and more proofs are 

accumulated about the f a c t ,  t h a t  the  b io log ica l  processes too are  sub jec t  

t o  solar a c t i v i t y ,  including t h e  human organism, Pa r t i cu la r ly  great is 
t h i s  effect  upon humans located beyond the limits of the atmosphere d a h g  
space f l ights .  
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4 were about i d e n t i c a l  i n  absolute magnitude. 1957 
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conducted e n t i r e l y  independently, t h e  simi- 1959 1 14 
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l i t u d e  of t he  data is evidence of closeness 
t o  t r u e  values, Beginning w i t h  1962 (and 
even as of 1961) the  r a t i o  P/K rises and 
is doubled by 1963. This means t h a t  the  1963 197 
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The inves t iga t ion  of a l l  processes taking place in t h e  Sun'e 

atmosphere is being ca r r i ed  out at the  mountain s t a t i o n  near Kislovodsk 

i r  the Caucasus (Fig.5). 
a r e  used t o  t h a t  e f fec t .  Analysis of: the results of observations accu- 
mulated a t  the  s t a t i o n  l e d  to  conclusions, cozpel l ing u6 t o  modify our 

concepts of the  11-year so l a r  a c t i v i t y  cycle, as a r e s u l t  of which we 

could discard ce r t a in  contradictions having a r i s e n  during the  s tudy of 
s o l a r - t e r r e s t r i a l  relationships.  

8 
Optical devices as w e l l  a6 radiotelescopes 

cere new p o s s i b i l i t i e s  appeared owing t o  t he  f a c t ,  t h a t  bright-  

ness measureneats of outer  layers  of the solar atmosphere - t h e  corona, 

taking place at  our s t a t i o n ,  were found t o  be the  nos t  precise  and, photo- 
n e t r i c a l l y  the  nost  s t ab le  by comparison wi th  the  da ta  of the  remaining 
e i g h t  analogous s t a t i o n s  ex is t ing  i n  the world. This is made evident from 
the  following table of green l i n e  5303 A i n t e n s i t y  r a t i o s  according t o  
t h e  determinations of the  Kislovodsk s t a t i o n  (IC), Aaerican s t a t i o n s  at 
Sacra .ento and C l i n a x  peaks (A), the French s t a t i o n  Pic du Midi (P). 

0 

Rat ios  f o r  every half :-ear are  compiled in the  table, 

As mzy be seen from t he  table, T A B L E  
the r a t i o  P /K was cor_e.tantly equal 
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. 
between 1958 and 1959, i n  connection w i t h  t he  ap-:Tlic?.tion of a new method 
of measurements at American s ta t ions.  

By way of comparison of data of various s t a t i o n s  i t  is possible  

t o  derive a series of values of corona in t ens i ty ,  which ref lect  only 

t h e  va r i a t ions  taking place i n  the Sun and are not  dependent on var i a t ions  
in the  aFparatus or measurement methods. Owing t o  t h a t  it was possible  

t o  involve the  information on solar corona for the  inves t iga t ions  of t he  
11-year solar a c t i v i t y  cycle;  t h i s  w a s  of s i g n i f i c a n t  value, inasmuch a8 
contrary t o  t h e  remaining events on the  Sun (suspots, f loccul i ,  flares), 

which occur only in the narrow heliographic l a t i t u d e  i n t e r v a l  and are as 
discrete i n  time as at  Sun's surface,  the corona can be observed at any 
l a t i t u d e s  and its i n t e n s i t y  d i ~ t r i b u t i o n  along the  Sun, as a funct ion of 
time, can be traced continuously. 

P r io r  t o  taking i n t o  account the  new data it w a s  estimated, t h a t  

every 11-year cycle of solar a c t i v i t y  opens by a val id  rise during 3- 4 
years  t o  a maximum and then ends by gradual drop during 7 - 8 years  t o  a 
. i n i u m .  A t  the same time, each new cycle begins a t  high l a t i t u d e s  in both 

hemispheres, ,gradually s h i f t i n g  t o  the  equator as t he  cycle unfolds ( t h e  
Shperer law*). These r e g u l a r i t i e s  i n  s o l a r  a c t i v i t y  development were conSi- 
dered as s o l i d l y  establ ished and t h e i r  explanation, or, at the  verg least ,  
t h e  absence of contradict ion const i tuted a compelling condition f o r  any 
theory. 

In conparing the data on s o l a r  a c t i v i t y  with var ious geophysical 
events one may na tu ra l ly  expect t h a t  the  l a t te r  must, i f  only in t h e i r  
general  traits, reiterate the 11-year curve of solar ac t iv i@ In t he  
opposite case there woulU be l i t t l e  ground t o  assume, t h a t  e i t h e r  geophy- 
s i ca l  event is conditioned by s o l a r  ac t iv i ty .  

Our data on the  s o l a r  corona have p e r m i t t e d  t o  e s t a b l i s h  t h a t  

two, and not one, maxima of solar a c t i v i t y  develop in the  course of the 

11-year cycle, subs t zn t i a l ly  d i f f e r ing  by t h e i r  properties.  During t h e  

first m a x i t i u r n  we observe an increase i n  the  i n t e n s i t y  of corona glow 
simultaneously i n  the whole Sun, from the  equator t o  the poles, although 

t h e  highest  i n t e n s i t g  of a l l  is  observed a t  the  25' l a t i t u d e  of every 
hemisphere. The sunspot formation a c t i v i t y  also encompasses the  greatest 

l a t i t u d e  i n t e r v a l  during the same lapse of time. Then the  a c t i v i t y  of t he  

f i r s t  maximum decreases and t he  secohd m a x i m u m  begins t o  develop, but  only 

* i n  t r a n s l i t e r a t i o n  
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in the  equator ia l  repions, the  highest  i n t e n s i t y  being a t  about loo in 
both hemispheres, Although the a c t i v i t y  during the  second maximum encom- 
passes  only the equator ia l  part of the  s o l a r  surface, t h i s  second m a x m  - u r n  
is still equal t o  the  f i r s t  one by the  aggregate corona in t ens i ty ,  and, by 
way of consequence, by the amount of r ad ia t ion  emitted by actioe re&ans. 

Such concept of the development of the  11-year cycle of solar acti-  
v i t y  is i n  a considerably b e t t e r  agreement with the numerous factsassembled 
during the observations of s o l a r  ec l ipses  than with the  earlier data. The 
broad da ta  on  sunspot^, published in 1874 by the  Greenwich Observatory, 
confirm the  co?clusions derived on the b a s i s  of observation6 of the  solar 
corona. Analysis of these da ta  w a s  j o i n t l y  conducted by the  mountain sta- 
t i o n  near Kislovodsk and the Skal'nato Pleso Observatory of the  Slovakian 
Academy of Sciences. 

It i s  now evident t h a t  the  curves, 

having earlier characterized the 11-year 
s o l a r  a c t i v i t y  cycle,  cons t i tu te  i n  fact  
the  r e s u l t  of s a p e r h p o s i t i o n  of curves 
r e l a t ed  t o  the  first and second m a x i m a .  

The corona observations a t  the 
Kislovodsk s t a t i o n ,  t o  which now the  obser- 

vat ions of a l l  coronal s t a t i o n s  of t he  
world are re fer red ,  w i l l  cons t i tu te  the  
empirical  b a s i s  for f u t u r e  theo re t i ca l  
inves t iga t ions  of s o l a r  ac t iv i ty .  However, 

these observations have already permitted 

t o  a r r i v e  now a t  important conclusions con- 

Fig. 2. - Comparison of t he  
sunspot surface S and the  
i n t e n s i t y  I of the solar co- 
rona with the geomagnetic 
a c t i v i t y  A (according t o  
Gnevyshev and O l p a )  . 

cerning the  dependence between so la r  and geophysical events. 
It has been known for  a long tine t h a t  the state of t he  upper 

l a y e r s  of the  Earth 's  atmosphere and the  phenomena connected with it, 
such as var i a t ions  in the ionosphere, condition of radiowave propagation, 

geomagnetic disturbances and aurorae) 
tak ing  place in the  Sun. However, one th ing  was still obsure, t h a t  is, 

why these events revea l  a more or less sharply expressed second m a x i m u m  

are e n t i r e l y  conditioned by processes 

which is absent i n  the 11-year curve for the  number and surface of sunspots. 

. 
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This  contradict ion is e n t i r e l y  eliminated by the  coronal data. We plo t ted  
by s o l i d  curve of  Fig. 2 ( A )  the va r i a t ions  of B a r t e l s ’  planetary index of 

geomapet ic  disturbances in the course of the last l l -year  cycle. The i n t e r -  
rupted curve I indica tes  t h e  aggregate emission of the corona in a cone of 
60° angle, Whose axis is directed toward the Earth. The cor re la t ion  f ac to r  

between these curves i s  +0.98. The dashed curve S charac te r i ses  the  va- 

r i a t i o n  of sunspot surface during t h a t  time; i t  corresponds t o  earlier re- 
presentat ions of the  development of t h e  11-year cycle. 

The 60-called polar region absorption ( E A )  is a very important 
event: i t  is a complicated aggregate of processes including the  reinforoe- 
ment of the  proton conponent of solar radiat ion.  In the left-hand p a r t  of 
Fig. f w e  indicated by ttie so l id  curve the number of FCA cases by years, 
and by dashed curve - t h e  agmegate i n t e n s i t y  of the  s o l a r  corona about 
t he  whole d isk .  The r o l e  of the second maximum is c l e a r l y  seen. 

Fig. 3.- L e f t  - conp.arison 02 the  ar;rregate i n t e n s i t y  about the  e n t i r e  Sun 
of the green coronal l i n e  (dashed curve) with the  number of PCA 
In  the right-hand p a r t  the dashed curve shows the  aggregate i n t e n s i t y  of t h e  
green coronal l i n e  in a cone loowide, with the axis di rec ted  a t  the  Earth. 
The s o l i d  curve shows the  in t ens i ty  of the proton corr.ponent of s o l a r  emiesion. 

cases. 

The value of t he  second maximum becomes still  more s u b s t a n t i a l  
i f  one exanines the way the h t e n s i t y  of the  proton component var ied during 
t h a t  time (solid curve i i n  the ripht-hand p a r t  of t h e  f igure) .  The dashed 
curve of t he  right-hand p a r t  of the f i . q r e  is  the  i n t e n s i t y  of the  corona 
in a cone loowide ,  with ax i s  directed a t  the Earth. Hence, it follows t h a t  
proton f l ~ ~ e 5  of solar or ig in  a re  narrow. 

O f  pa r t i cu la r  importance is the question of the p o s s i b i l i t y  of 

long-range weather forecast ing (severalmonths or years ahead), i f  only 

i n  f c r b l y  general traits .  To-date, not only the  very method of forecas t ing  



has not been avai lable ,  but even physical  foundations, upon which one 

could start f o r  its creat ion,  are unknown. Such foundation could be gound 
in the solar a c t i v i t y  i f  i t  could be proven t h a t  it is conditioning pro- 
cesses  not  only i n  the  upper, but also in the  lower l a y e r s  of the  atao- 
sphere. A grea t  number of i nves t i r a t ions  were made with the  view of found- 
ing a proof of it, but t he  r e su l t i ng  data were controversial ,  This l e d  t o  
the opinion, t h a t  the lower layers  of the Earth 's  atmosphere c o n s t i t u t e  a 
physical ly  closed system. 

Observatory) it w a s  establ ished on t h e  bas i s  of da ta  of world ae ro log ica l  

synoptic maps, t h a t  place of formation of cyclones and anticyclones are 
disposed in a c i r c l e ,  in t he  center of which iS the  Earth's geomagnetic 
pole, Consequently, the  occurrence of these phenomena-is conditioned by 
s o l a r  corpuscles, which are disposed i n  an analogous sone under the  action 
of t he  Earth 's  magnetic f i e l d ,  c rea t ing  there  the  most intense aurolzfhe crad 
geomagnetic disturbances. However, rn number of such events in t he  course 

of an 11-year cycle revealed the second maximum, absent on t he  c l a s s i c a l  
curve of Solar ac t iv i ty .  T h i s  contradict ion is present ly  eliminated, s h e e  

the  second max imum in troposphere processes coincides with the second maxi- 

mum of coronal glow shown i n  f igures  2 and 3. 
By the  i n i t i a t i v e  of J.Picardy of the  

In  a work, recent ly  published by B. I, Saeonov (Main Geophysical 

P I 

il(/Q, j Physico-Chenical I n s t i t u t e  of Florence inte- 
r e s t i n g  observations began in 1955 of the  
behavior of col lo ides  in a series of espe- \\ za 

c i a l l y  equipped s t a t i o n s  at  various ter- 0 
10 

?#54 1JS If56 15%' 15'58 fJ# 19# I&' #& 13?#3 
restrial l a t i t u d e s ,  It w a s  found t h a t  c e r t a i n  

chemical pas t e s  vary i den t i ca l ly  at all these 
Fig .4 .  Comparison of 

the  i n t e n s i t y  of t he  green 
s t a t i o n s  and revea l  a dependence on solar coronal l i n e ,  summed up by 

the  e n t i r e  Sun (dashed l i n e  
a c t i v i t y ,  The only "disturbin&' f ac to r  here  with the chemical 
w a s  the  presence of a second maximtam of 60- 

lar a c t i v i t y  on the  11-year curve. As may be seen from Fig, 4, t h i s  second 

maximum ( s o l i d  curve) corresponds t o  the  samg time as the second maximum f c r  
the  corona glow (dashed curve). k spec ia l  i n t e rna t iona l  organization was 

created in 1963 for the invest igat ion of t he  events of sudden d is rupt ions  

of s t a n d a r d  chemical processes. 

by J, Picardy. 
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Finally, a broad material  has already been accumulated on the 
va r i a t ion  of blood content (var ia t ion in the  nunber of leucocytic series 
c e l l s ) .  which sometkes take place s h u l t r n e o u s l y  i n  a grea t  number of 
people a t  remote distances from one another. This is evidence that the  

cause of such var ia t ions  is external  and i t  is apparently linked w i t h  the 
solar ac t iv i ty .  The indicated va r i a t ions  r evea l  also t he  second m a x h u u  in 
t he  11-year cycle. Evidently, from the physico-chemical stand point these 

b io lof ica l  processes are linked with the Thenomenon discovered by picaray. 
Xuch has been done ir, t ha t  direct ion in the USSR by the  hematologne M.A. 
Shul'ts. Foreseeing t h e  time of blood content var ia t ion  and taking appro- 
p r i a t e  measures nay save l i v e s  of many people, whose hea l th  is in a c r i t i -  
C E ~  s t a t e .  

A s  may be seen from t h e  above, inves t iga t ions  conducted during 
the  IGY, IGC and IGCC have shown, t h a t  the r o l e  of s o l a r  a c t i v i t y  in t he  
d i f f e ren t  eventson Z a r t h  is s i p - i f i c a n t l y  greater  than had been assumed 
ea r l i e r .  I n  conzection with tka t  the value of regular  observations of so- 

l c r  Fc t iv i ty  and the c l a r i f i c a t i o a  of the induced phenomena ha6 immeasurably 

increased. 
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